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Measuring  teeth  is  a  useful  adjunct  in  sex  assessment.  Canines,  in  particular,  have  the  greatest  degree  of 
sexual  dimorphism,  resist  disease  and  survive  postmortem  trauma,  rendering  them  highly  valuable  in 
identification.  Hence,  their  exclusive  use  in  odontometric  sex  assessment  using  the  Mandibular  Canine 
Index  (MCI)  has  been  advocated  before.  The  MCI  is  derived  as  the  ratio  of  the  mesiodistal  (MD)  dimension 
of  canines  and  the  inter-canine  arch  width.  This  study  has  tested  the  use  of  the  MCI  in  assessing  sex  on  a 
sample  from  Nepal  and  compared  its  accuracy  to  that  of  absolute  canine  measurements.  Measurements 
were  obtained  from  one  hundred-and-seventeen  dental  stone  casts  that  belonged  to  63  males  and  54 
females,  all  young  adults  in  the  age-group  19-28  years.  Independent  samples  t-test  revealed  no  signifi¬ 
cant  sexual  dimorphism  in  the  MCI.  In  addition,  discriminant  analysis  of  the  MCI  also  had  poor  ability  to 
differentiate  the  sexes.  In  contrast,  the  absolute  canine  measurements  revealed  statistically  significant 
male-female  difference  and  superior  ability  to  differentiate  sex  using  discriminant  analysis.  The  poor 
ability  of  the  MCI  in  sex  assessment  is  attributed  to  it  being  a  relative  value-it  is  obtained  as  the  ratio 
of  two  absolute  measurements  (MD  dimension  of  canines  and  inter-canine  arch  width)  and  does  not 
reflect  sex  differences  that  exist  in  the  absolute  measurements  per  se. 
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1.  Introduction 

Sex  assessment  constitutes  an  important  step  in  constructing  a 
postmortem  profile  and  is  useful  in  identifying  skeletal  remains. 
The  accuracy  of  sexing  using  diverse  parameters  of  the  body  such 
as  craniofacial  morphology  and  measurements  on  the  pubis  ranges 
from  96%  to  100%.1,2  Correct  sex  identification  limits  the  pool  of 
missing  persons  to  just  one  half  of  the  population.  In  forensic  con¬ 
texts,  however,  it  is  not  uncommon  to  recover  partial  remains, 
with  fragmentary  skull  and  pelvic  bones.  The  teeth  are  one  of  the 
strongest  human  tissues  and  are  known  to  resist  a  variety  of  peri- 
and  postmortem  insults.  Also,  since  the  human  dentition  has  a 
complement  of  32  teeth,  at  least  a  few  teeth  are  usually  recovered. 
Hence,  they  are  routinely  used  in  comparative  identification  of  hu¬ 
man  remains.  The  dentition  is  also  considered  a  useful  adjunct  in 
sex  determination.  The  fact  that  most  teeth  complete  development 
before  skeletal  maturation  makes  the  dentition  a  valuable  sex  indi¬ 
cator,  particularly  in  young  individuals.3 

Among  the  teeth,  canines  have  consistently  shown  the  greatest 
sexual  dimorphism.3-8  In  addition,  canines  are  among  the  toughest 
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teeth  and  less  susceptible  to  disease.  It  was  for  these  reasons  that 
Rao  et  al.  9  proposed  the  exclusive  use  of  mandibular  canines  in  sex 
identification.  The  authors  developed  an  index,  which  they  named 
Mandibular  Canine  Index  (MCI),  and  was  derived  as  follows: 

Mesiodistal  crown  width  of  mandibular  canine 
Mandibular  inter-canine  arch  width 

The  mean  and  standard  deviation  (S.D.)  of  the  MCI  was  derived 
separately  for  males  and  females  and  a  cut-off  point-termed  the 
‘Standard  MCT-to  distinguish  the  sexes  calculated  as  follows: 

_  i  (Mean  male  MCI -S.D.)  + (mean  female  MCI +  S.D.) 

Standard  MCI  =  - - - - - 

If  the  MCI  value  is  less  than  or  equal  to  the  Standard  MCI,  the 
individual  is  categorised  as  female;  a  value  more  than  the  Standard 
MCI  would  group  the  person  as  male.  The  approach  is  considered 
to  be  a  simple  and  rapid  means  of  sex  assessment.10  Therefore, 
we  have  ventured  to  test  its  effectiveness  in  sexing  a  sample  from 
Nepal.  Rao  et  al.’s  use  of  a  cut-off  point  for  sex  assessment  (the 
Standard  MCI)9  has  similarities  to  multivariate  discriminant  analy¬ 
sis,  which  is  based  on  the  generalised  squared  distance  classifica¬ 
tion  technique.  A  comparison  of  the  two  methods  found  that 
discriminant  analysis  gave  better  results  in  sex  assessment.11 
Hence,  we  have  also  endeavoured  to  compare  the  success  of  the 
two  statistical  approaches. 
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2.  Materials  and  methods 

2A.  Sample 

The  base  sample  comprised  of  123  adults  of  Nepalese  extract 
(65  males  and  58  females).  All  subjects  were  undergraduate  stu¬ 
dents  of  dentistry  enrolled  in  B.  P.  Koirala  Institute  of  Health  Sci¬ 
ences,  Dharan,  Nepal,  whose  ages  ranged  from  19  to  28  years. 
Following  informed  verbal  consent,  impressions  of  the  dentitions 
were  made  with  irreversible  hydrocolloid  (alginate)  material  and 
casts  poured  in  dental  stone. 

2.2.  Measurements 

Mesiodistal  (MD)  dimension  of  the  mandibular  canines  and  the 
mandibular  inter-canine  arch  width  were  measured  on  the  casts 
using  a  digital  calliper  with  calibration  0.01  mm  (Mitutoyo,  Japan). 
The  MD  dimension  was  defined  as  the  greatest  distance  between 
contact  points  on  the  approximate  surfaces  of  the  tooth  crown.12 
In  case  of  tooth  rotation  or  malposition,  the  measurements  were 
obtained  between  points  where  it  was  considered  that  contact 
with  adjacent  teeth  should  have  normally  occurred.  The  measure¬ 
ments  were  taken  with  the  calliper  beaks  placed  occlusally  along 
the  long-axis  of  the  tooth.  The  inter-canine  arch  width  was  mea¬ 
sured  between  the  tips  of  both  mandibular  canines.9  These  mea¬ 
surements  were  also  taken  with  the  calliper  beaks  placed  along 
the  long-axes  of  the  teeth.  In  case  of  attrition,  where  canine  tips 
were  worn  out,  the  labial  ridge  was  taken  as  an  indicator  of  the 
anatomical  tip  since,  incisally,  it  corresponds  to  the  canine  tip. 
Due  to  missing  incisors  in  a  few  of  the  123  dental  casts,  the  in¬ 
ter-canine  arch  width  (and,  consequently,  the  MCI)  was  obtained 
for  54  females  and  63  males,  totalling  117  dentitions.  Measure¬ 
ments  were  repeated  on  18  randomly  selected  dental  casts  to  eval¬ 
uate  intra-  and  inter-observer  variation. 

2.3.  Statistical  analyses 

The  repeat  readings  were  compared  to  the  base  measurements 
using  the  paired  samples  t- test.  Potential  sex  differences  in  the  MD 
dimension  of  right  and  left  canines  as  well  as  inter-canine  arch  width 
were  tested  using  the  independent  samples  t- test.  The  MCI  was 
calculated  for  each  dental  cast  as  the  ratio  of  the  maximum  MD 
canine  dimension  (the  right  or  left  canine,  whichever  was  greater) 
and  the  inter-canine  arch  width.  Descriptive  statistics  for  the  MCI 
were  obtained  and  possible  sex  differences  in  it  also  examined  using 
the  independent  samples  t- test.  The  Standard  MCI  was  then  derived 
and  used  as  a  cut-off  point  to  identify  the  sexes.  Standard  MCIs 
reported  previously9,10  were  also  used  as  cut-off  points  to  test  the 
effectiveness  of  Standard  MCIs  derived  from  other  populations  on 
the  Nepalese.  In  addition,  the  MCI  derived  in  the  present  population 
was  subjected  to  discriminant  analysis  and  the  sex  classification 
accuracy  compared  to  that  of  Standard  MCIs.  Furthermore,  with  a 
view  to  compare  the  accuracy  of  sex  determination  of  MCI  and 
absolute  measurements,  discriminant  analysis  was  also  undertaken 
for  the  latter,  particularly  MD  dimension  of  canines.  All  statistical 
analyses  were  performed  on  an  MS  Office  2007  Excel  spreadsheet 
(Microsoft  Corp.,  Redmond,  Washington,  USA)  and  SPSS  10.0 
statistical  software  programme  (SPSS  Inc.,  Chicago,  Illinois,  USA). 

3.  Results 

No  significant  intra-  and  inter-observer  differences  existed  in 
the  18  repeat  measurements  (p  >  0.05).  Table  1  depicts  the  descrip¬ 
tive  statistics  and  the  degree  of  sexual  dimorphism  for  MD  mea¬ 
surement  of  canines,  the  inter-canine  arch  width  and  the  MCI. 


Table  1 

Descriptive  statistics  and  t-values  for  MD  dimension  of  mandibular  canines  (in  mm), 
inter-canine  arch  width  (in  mm)  and  the  MCI 


a  Significantly  larger  in  males  at  p  ^  0.01  level. 
b  No  significant  sex  difference  at  p  ^  0.05  level. 


Table  2 

Comparison  of  the  accuracy  of  sexing  the  Nepalese  using  Standard  MCIs  derived  from 
different  populations 


Standard  MCI 

Males 

Females 

Total 

Number 

% 

Number 

% 

Number 

% 

0.2749 

21/63 

33.33 

43/54 

79.63 

64/117 

54.70 

0.26910 

24/63 

38.10 

41/54 

75.93 

65/117 

55.56 

0.2603 

36/63 

57.14 

24/54 

44.44 

60/117 

51.28 

a  Derived  on  the  present  population. 


Table  3 

Sex  classification  accuracy  of  the  cross-validated3  samples  by  discriminant  analysis 


Discriminant  analysis 

Male 

JV 

% 

Female 

JV 

% 

Total  average  (%) 

MCI 

32/63 

50.8 

34/54 

63.0 

56.4 

MD  of  Canines 

44/65 

67.7 

41/58 

70.7 

69.1 

3  In  cross-validation  (or  jackknifing),  each  case  is  classified  by  the  functions 
derived  from  all  cases  other  than  that  case. 


The  MD  canine  dimensions  as  well  as  the  inter-canine  arch  width 
were  statistically  larger  in  males  (p  <  0.01 )  whereas  the  MCI  re¬ 
vealed  no  significant  sex  differences  (p  =  0.37).  Table  2  shows  the 
sex  differentiation  accuracy  of  Standard  MCIs  derived  in  the  pres¬ 
ent  and  two  previous  studies.  Overall,  all  Standard  MCIs  show  low 
accuracy  in  sexing  the  Nepalese,  with  the  Standard  MCI  derived  on 
the  present  population  performing  the  worst.  Table  3  shows  the 
sex  classification  accuracy  of  discriminant  analysis  performed  for 
the  MCI  and  MD  dimension  of  canines.  The  sex  identification  accu¬ 
racy  of  the  MCI  using  discriminant  analysis  is  marginally  higher  to 
that  of  the  Standard  MCIs  in  Table  2.  However,  the  accuracy  is  low¬ 
er  to  that  of  discriminant  analysis  undertaken  for  MD  dimension  of 
canines. 

4.  Discussion 

Rao  and  associates  suggested  that  the  canines  be  considered  as 
a  “key  tooth”  for  sex  assessment  since  they  are  consistently  larger 
in  males,  less  prone  to  dental  disease  and  more  likely  to  survive 
postmortem  insults  9  They  calculated  the  MCI  on  a  sample  of  766 
juveniles  and  young  adults  and  found  significant  sexual  dimor¬ 
phism  (p  =  0.001 ).  On  the  other  hand,  we  found  no  statistically  sig¬ 
nificant  male-female  differences  (Table  1 ).  However,  the  absolute 
measurements  used  to  derive  the  MCI,  viz.  MD  dimension  of  ca¬ 
nines  and  inter-canine  arch  width  were  both  significantly  larger 
in  males  (p  <  0.01). 
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Deriving  the  Standard  MCI  as  a  cut-off  point  to  differentiate  the 
sexes,  Rao  et  al.9  obtained  a  healthy  85.9%  accuracy  in  sex  identifi¬ 
cation.  Later,  Muller  et  al.10  tested  Rao  et  al.’s  Standard  MCI9  on  a 
French  sample  and  could  correctly  identify  sex  in  just  59.4%  of 
cases.  In  an  attempt  to  improve  the  accuracy  they  derived  a  sepa¬ 
rate  Standard  MCI  on  their  sample,  which  marginally  improved  sex 
classification  to  ~63%.  Considering  this  improvement,  we  ventured 
to  develop  a  Standard  MCI  on  our  sample.  We  compared  the  effec¬ 
tiveness  of  this  Standard  MCI,  as  well  as  those  derived  earlier  9,10  in 
sexing  our  sample.  Surprisingly,  the  Standard  MCI  developed  on 
our  population  proved  less  effective  (Table  2)-the  two  earlier  Stan¬ 
dard  MCIs9,10  gave  slightly  higher  sex  identification  rates,  particu¬ 
larly  since  their  ability  to  identify  females  was  relatively  high 
(Table  2).  It  is  probable  that  minimal  male-female  differences  in 
the  mean  MCI  and  large  S.D.  for  males  in  the  present  population 
(Table  1)  has  resulted  in  a  Standard  MCI  (0.260)  which  is  actually 
less  than  both  the  male  and  female  mean  MCI-a  contrast  to  earlier 
studies  where,  Standard  MCIs  were  approximately  midway  be¬ 
tween  male  and  female  mean  MCI.910  This  has  resulted  in  gross 
misidentification  of  females  relative  to  the  earlier  two  Standard 
MCIs,  reducing  the  overall  sex  identification  accuracy.  The  variable 
patterns  of  accuracy  may  be  attributed  to  our  Standard  MCI  being 
derived  on  just  117  subjects  as  compared  to  much  larger  samples 
used  previously.9,10 

Correct  sex  classification  from  discriminant  analysis  of  MCI  was 
marginally  higher  at  56.4%  (Table  3).  This  is  consistent  with  Sher- 
fudhin  and  colleagues’  implicit  observation  that  statistical  treat¬ 
ment  of  canine  measurements  affects  sex  identification 
outcome.11  These  authors  attribute  the  difference  to  the  statistical 
basis  of  Rao  et  al.’s  MCI9  and  multivariate  discriminant  analysis. 
According  to  them,  the  former  method  employs  two  parameters 
(MD  dimension  of  canine  and  inter-canine  arch  width)  to  develop 
a  quotient,  using  which  sex  is  identified.  On  the  other  hand,  dis¬ 
criminant  analysis  uses  a  vector  of  more  than  two  parameters.  Fur¬ 
thermore,  the  method  of  Rao  et  al.9  uses  S.D.  of  males  and  females. 
Discriminant  analysis  utilises  co-variance  in  addition  to  S.D., 
allowing  more  critical  investigation  of  the  data.11 

Interestingly,  discriminant  analysis  of  MD  measurement  of  ca¬ 
nines  gave  recognisably  greater  sex  classification  accuracy 
(69.1%)  than  discriminant  analysis  of  the  MCI  (Table  3).  The  figure 
is  comparable  to  the  74.3%  accuracy  obtained  by  Anderson  and 
Thompson,13  who  also  supported  the  use  of  MD  dimension  of  ca¬ 
nines  in  sex  determination.  This  raises  the  question  as  to  why 
MCI  shows  negligible  sex  difference  in  the  present  study  (Table 
1)  and  has  had  such  poor  success  in  identifying  sex  (Tables  2  and 
3)-a  contrast  to  MD  dimension  of  canines.  A  probable  explanation 
is  that  the  MCI  is  a  relative  value,  obtained  as  the  ratio  of  two  abso¬ 
lute  measurements  (MD  dimension  of  canines  and  inter-canine 
arch  width),  and  does  not  reflect  sex  differences  that  exist  in  abso¬ 
lute  measurements  per  se.  This  can  best  be  illustrated  by  a  hypo¬ 
thetical  case: 

Let  us  consider  a  male  canine  dimension  of  8  mm  and  inter-ca¬ 
nine  arch  width  of  32  mm.  Let  us  also  consider  a  female  canine 
dimension  of  6  mm  and  inter-canine  width  of  24  mm.  Although 
the  male  dimensions  are  33.33%  larger  than  that  of  the  female, 
the  MCI  for  both  would  remain  the  same  (8/32  =  6/24  =  0.25). 


It  is,  therefore,  unsurprising  that  the  MCI  fails  to  show  signifi¬ 
cant  univariate  sex  differences  (Table  1).  This  inability  of  the  MCI 
to  reflect  sex  dimorphism  that  exists  in  absolute  measurements 
could  also  be  responsible  for  poor  sex  classification  using  discrim¬ 
inant  analysis  (Table  3).  In  addition,  the  inter-canine  arch  width  re¬ 
quires  that  all  canines  and  incisors  be  present  in  the  mandible.  In 
the  event  one  of  these  teeth  is  congenitally  missing,  fail  to  erupt 
or  has  been  extracted  early  in  life,  the  inter-canine  arch  width 
and,  consequently,  the  MCI  can  not  be  derived.  Also,  in  skeletal 
specimens,  canines  may  be  mobile  due  to  compromised  periodon¬ 
tal  support.  In  such  instances  the  inter-canine  arch  width  and  the 
resulting  MCI  may  be  erroneous.  Furthermore,  the  method  is  pri¬ 
marily  dependent  on  one  type  of  tooth  namely,  the  canine.  While 
this  makes  the  method  simple  and  convenient,  the  end  result,  i.e. 
sex  assessment,  may  be  sub-optimal.  Indeed,  a  recent  study  on 
our  sample  has  shown  high  sex  identification  accuracy  (92.5%) 
from  discriminant  analysis  of  all  teeth.8  We  recognise  that  canines 
reveal  the  greatest  and  most  consistent  sex  dimorphism  in  the 
dentition,  but  believe  sex  assessment  is  best  accomplished  using 
measurements  of  as  many  teeth  as  are  available,  rather  than  indi¬ 
ces  or  individual  teeth. 
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